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A TURBINE ENGINE 



PCT/EP02/00132 



This invention refers to a turbine engine with variable 
pitch rotor blades having a drop shape; the engine according 
to the invention can advantageously also incorporate a 
^^twisted" or, a ^^constant deflection" stator blade row in the 
Air-Intake and, in the nozzle, a stator blade row with a 
movable twisted part. 

This propulsion system, wherein the movable parts are 
controlled and actuated electrically, can be employed both 
for the aeronautic propulsion and for the marine propulsion. 
Currently, the turbine engines utilised in propulsion are 
predominantly of the Turbo-Engine type; as it is known, in 
this type, of engines a turbine/compressor group rotates a 
power shaft to which a fixed pitch propeller located at the 
end of a divergent duct is connected; this duct called Air- 
Intake, usually free of stator blades, has the scope to 
decelerate' the air processed by the rotor in order to 
increase the efficiency. 

This propulsion systems have the same limits of the fixed 
pitch propeller, which can be summarized as follows: 

1. the efficiencies decrease very rapidly above defined 
speeds V of advancement; 

2. the resultant of the applied forces coincides at the end 
of the blades, with consequent bending stresses which alter 
the system aerodynamics. 



SUBSTITUTE SHEET (RULE 26) 
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In the Engines with ducted propellers, which have the scope 
to generate a thrust useful for the propulsion, none of the 
expedients which are proposed and justified in this analysis 
has been utilised. 

In some jet engines, stator blade row (in some cases with 
movable twisted part) are located upstream of the 
rotor in the stages of the axial compressors, but to vary the 
performance modifying the pressure and to avoid the stall. 
The variable pitch technique is instead widely utilised but 
only in the outside propellers for reasons that will be 
discussed hereinafter, 

The turbine engine, with the drop shaped, variable pitch 
rotor blades, that is the object of this application, as 
claimed in claim 1, is proposed as a device capable to supply 
more efficiency than any other propulsion system of similar 
conception. 

We will now describe the engine according to the invention, 
with reference to the attached drawings, in which: 
Figures from 1 to 8 are mathematical vectorial models; 
Figure 9 shows a twisted stator blade from the a) , b) , c) and 
d) views which are the plan, front, side and perspective 
views, respectively; 

Figure 10 shows a constant deflection stator blade from the 
a), b), c) and d) views which are the plan, front, side and 
perspective views, respectively; 
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Figure 11 is an exploded, perspective view of the propeller 
cuff with the twisted stator blade; 

Figures 12a, 12b and 13a are the exploded, assembled and 
sectional views of a rotor with variable pitch blades 
according to the invention; 

Figure 13b is a view of the variable pitch blade according to 
the invention; 

Figures 14a and 14b are partially assembled and exploded 
views, respectively, of the stator part downstream of the 
rotor; 

Figures 15a and 15b are partially assembled and exploded 
views, respectively, of the engine casing downstream of the 
rotor; 

Figure 16 is the axial sectional view of the stator part and 

of the engine casing downstream of the rotor; 

Figures 17a and 17b are assembled and exploded views, 

respectively, of the stator part downstream of the rotor; 

Figures 18, 19, 20 and 21 are efficiency diagrams; 

Figures 22 and 23 are axial sectional views of the full 

engine according to the invention. 

Now, we will see in details how we arrived to the invention 
and which are the concrete advantages in relation to the 
known art. To do so, we start from the mathematical models 
known in this sector. 
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The field diagram is a vectorial diagram where all the speed 
triangles of each station can be represented, simultaneously, 
in a working condition; for simplicity, in the enclosed 
figures, only the triangles related to the stations on the 
hub (indicated by 'W) and at the end (indicated by ^'e'') are 
represented. 

The main scope of this diagram is to define with ease the 
dimensions of the twist of the propeller, either ducted or 
unducted; the twist angles 9 of the various airfoils, are the 
angles subtended by the vectors that represent the driving 
speed U and the relative speed defined, in the propeller 
wing theory, with the symbol P (appropriately calculated in 
the design phase as we can suppose from Figure 1) . 
The values of the advancement speed V and of the driving 
speed U are reported in this diagram, by changing them from 
m/sec to cm. 

The reference to build this diagram is the rotation axis of 
the propeller indicated in the figure with the initials A.r., 
The driving speed U vectors are perpendicular to A.r., they 
are opposite to the propeller rotation vector (we consider, 
for the reciprocity principle, the blade in a steady state 
and the air flowing on it) , proportional to the station taken 
in consideration and dependent from the number of the rotor 
revolutions . 
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The advancement speed vector V depends instead from the type 
of the studied propeller: 

- for outside propellers and for ducted propellers, without 
stator stages upstream of the rotor, it is always parallel to 
A.r . ; 

- for ducted propellers, supplied with stator blading located 
in the Air- Intake, it is deviated by X degrees and depends 
from the stator type (twisted or with constant deflection) • 
In Figure 2 a field diagram is represented which gives the 
scheme of the presence of a stator twisted blading (to be 
noted how, at the hub, V is deviated of Xm degrees with 
respect to A. r., while at the end it is parallel). 

In Figure 3 a field diagram is represented which gives the 
scheme of the presence of a stator twisted blading which 
deviates the flow lines, at each station, of X degrees- 
As shown in Figure 4, in a duct, positioned downstream of the 
stator blade row which deviate the direction of the flow 
lines of X degrees, the speed vector V' is the vectorial sim 
of the axial speed V and of a component x which is generated 
perpendicularly; in fact the axial speed V of the particles 
contained in a constant section duct can not change otherwise 
the flow rate would change. 

Let's clarify the base theory on which the Engine, according 
to the invention, is based by introducing the concepts of 
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efficacy E and of efficiency r| of the propeller and by 
linking said concepts to the field diagram. 

The propulsion efficacy E is defined as the ratio between the 
driving force T developed by the propeller and the resisting 
force Fr which resists to the propeller rotation. T and Fr 
are respectively the forces which act along the parallel and 
the perpendicular direction to the rotation axis of the 
rotor; they are equal, in module, to the algebraic sum of the 
vectorial components of the Lift L and of the Drag D along 
said directions. 

With reference to Figure 5, we can then write the following 

relations valid in each section of the blade: 

r - L cosp - D sin^ ^ h p S vF {Ci Cosf3 - Cd Sinp ) 
Fr D cos^ -f L sin^ = H p S ^ (Cd Cosfi + Ci Sin^ ) 
where p is the density, S is the area, W is the relative 

speed and Ci and Cd are the lift and drag coefficients, 
respectively. 

By indicating explicitly the terms from which the propulsion 

efficiency depends and through appropriate passages we have: 

E-T ^ {CJC,)-TgP 
Fr iC,/C,)TgJ3 + l 

As it can be seen from this last relation, the lower the 
value of p and the higher the efficiency value. 
The efficiency 7\ instead is defined as the ratio between 
the work yield and the work spent; 
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Where T is the Propeller driving force, V is the advancement 
speed/ C is the torque needed by the rotatory movement and CD 
is the angular speed, 

Knowing that, at each reference station, the value of the 
torque needed to rotate the blade is the product between the 
drag force and the distance from the rotation axis R, on 
which Fr acts (the total torque is the sum extended to the 
all area of the blade C = ZF, R) and by recalling that U = 
OR, the formula of the efficiency t] becomes: 



TV TV TV ^V 

77 = = = OE — 

Ceo IF,Re? IF^U U 

As it can be seen, tj is proportional to the efficacy E and 
should increase in relation to the increase of the speed V 
because U is limited by the maximum number of revolutions: in 
reality the efficiency increases until a certain value of V, 
but then it starts to decrease because the increase of V 
increases the angles P which cause the value of the efficacy 
to decrease more than the increase of the ratio V/U. 
The values of ti are generally referred to the ratio of 
advancement y (proportional to the ratio between the 
advancement speed V and the number of revolutions n) and 
typically have the path shown in Figure 6. 
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The base idea, at this point, is to increase the efficiency 
by introducing stator blades in the Air-Intake to reduce the 
value of 

By analysing the field diagram of a traditional Engine, shown 
in Figure 1, it can.be seen how Pm is larger than Pe; we then 
rotate the advancement speed V vector, at the hub station, by 
7^ degrees so that the vector W|„ becomes parallel to We 
(figure 2) . The same procedure is repeated (but not shown) 
for all the sections taken as a reference. 

We have introduced in this way a twisted stator that, in the* 
design conditions of the stator twist, cause, in all the 
sections, the angles p equal to the value present at the end 
of the blade, where it has been demonstrated that there is 
the highest efficiency. Figure 2 represents the design 
technique of the stator twist: in the design condition 
(identified by the ratio of advancement Yps) the stator 
airfoils must deviate the advancement speed V so as to 
generate relative speed vector W always equal, in module and 
in direction, in all the sections. 

Supposing that Figure 7a identifies the design condition of 
the stator twist (identified by the advancement ratio Tps) 
and knowing that the angles X stay constant for all the 
situations, we can notice that, in the Engine according to 
the invention, with values of T lower than Tps (Fig. 7/b) the 



wo 02/055845 PCT/EP02/00132 

9 

angles p are a little bit larger close to the hub; on the 
contrary, with values of y higher than Ypg (Fig. 7/c) the 
angles P are even smaller. It is clear then that the total 
efficiency is higher in the version proposed at the 
beginning, since, with the same working conditions, the 
values of P are smaller in the Engine according to the 
invention, if compared with the values of the modern 
propulsion systems. 

In the version of the Engine according to the invention with 
constant deflection stator blading (Fig. 3) , the value of the 
angles p, in all the sections of the blade, have also a value 
lower than the values of the Engine and of the Propeller 
blades; it is clear that, also in this version, the 
efficiency is optimised. 

In the Engine according to the invention, with twisted stator 
blading, blades having the surface concentrated towards the 
hub are used, primarily for two reasons which can be 
understood from Figure 7: ' 

the value of the aerodynamic forces is directly 
proportional to the square of the relative speeds W which 
have a value, in module, always higher towards the hub with 
respect to the Engine (even with values higher than yps, the 
modules of the vectors W at the hub are higher than the 
vectors at the end of the blade) . 
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- with values of the advancement ratio higher than y^s, 
(cruise conditions) the airfoils at the hub work with 
efficiencies higher than at the end (pm lower than pe) • 
Therefore, in the Engine according to the invention with the 
twisted stator blading, besides an increase in the 
efficiency, the resultant of the aerodynamic forces generated 
by the blades is applied closer to the hub and the value of 
the centrifugal force relative to the blades has a lower 
value since the mass is concentrated closer to the centre of 
rotation; consequently, the structural stresses are lower. 
Further, in the Engine according to the invention with the 
twisted stator blading, the chords of the blade can be 
dimensioned so as to obtain (at least in a certain condition) 
an elliptic distribution of the lift that, according to the 
Aerodynamic Theory, generates a value of produced Drag lower 
than any other type of distribution. 

Going to conclude the description of the stator blading 
located in the Air-Intake, we call the attention to Figures 
9, 10 e 11 which show, respectively: 

- the Engine version according to the invention, with the 
twisted blade 1 in the plan (a) , front (b) , side (c) and 
perspective d) views; 
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- the Engine version according to the invention with the 
constant deflection blade 2 shown in the same views of the 
twisted blade in the preceding figure; 

- the assembly of the blades according to the invention in 
the Air Intake 4 and in the propeller cuff 3 which can be 
split in two pieces; the scope of the hole 5 in the blade la 
is to form a passage for electric wires of the slip-rings. 
The use of the variable pitch propeller in the engine 
according to the invention is motivated by the benefits that 
can be obtained and that are described here below; 

1. A variable pitch propeller, under all circumstances, can 
be positioned in the best conditions with respect to the 
field of instantaneous speed 8 (angle comprised between the 
relative speed vectors We and Wm, shown in Figures 1, 3 and 
8b) so as that all airfoils always work at the maximum 
efficiency; 

- a variable pitch propeller can obtain advancement speed V 
higher than the fixed pitch propellers (in fact if a fixed 
pitch propeller is dimensioned for high speeds V, the stagger 
angle would be so high that with low values of V the airfoils 
would go in stall conditions; on the contrary, in the 
variable pitch propeller, even if the twist of the blade is 
dimensioned for high values of V, at low speeds, the blade 
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can be positioned so that all the sections work at incidence 
angles which do not cause the stall) ; 

3. a variable pitch propeller, at any time, can work as a 
brake or as a thrust reverser (on the contrary a normal blade 
can work as a brake only when the angles p are higher than 
the airfoils stagger angles) . 

It is evident that the variable pitch propellers are widely 
utilised in many aircrafts but they do not have yet find an 
application in the Fan. 

The proposed variable pitch system, which is activated by an 
electric motor, is of the screw/female thread type and is 
contained in the rotor represented by Figures 12a, 12 b, and 
13a in an exploded, assembled and sectional view, 
respectively. 

The rotor is formed by four parts 6a, 6b, 6c and 6d which 
contain, in circular housings 7 (Fig. 12a) , obtained in the 
transverse sections having a polygonal section, the blades 8; 
in the part 6c, helicoidal cavities 9 (Fig. 12b) are obtained 
in order to balance the geometry change, from the circular to 
the polygonal shape, by directing the fluid toward the blades 
with the maximum efficiency. 

The motor 10 is directly connected to a planetary gearbox 11 
and to an encoder 12 and is powered by a slip-rings (not 
shown) linked close to the front bearing. The reduction gear 
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shaft 11 is linked to a worm screw (formed by the parts 12 
and 13) on which a threaded ring nut 14 moves by rotation; 
the bushes 16 (connected to the eccentric arms 18 of the 
plate 19 by means of elastic rings 17) are retained in the 
groove 15 obtained in the ring nut 14. When the ring nut 14 
moves axially, the plate 19 causes the blade 8 to rotate, 
transferring the rotation from the cavities 20 to the slots 
21 (see Figure 13b) . 

The axial loads transferred from the ring nut 14 to the screw 
(12 and 13) are unloaded on the rotor parts '8b and 8c through 
axial roller bearings 22 (Figure 12a) . The centrifugal force 
due to the blade 8 and to the related components is instead 
unloaded on the rotor parts 6c and 6d through the axial 
roller bearings 23 (Figure 13b) . The drop shaped blade 8, 
comprised in the rotor 6, is also represented in Figure 8a 
(in a side and in a sectional view); the typical shape of the 
blade plan is obtained by locating some of the pressure 
centres of the airfoils Cp (points on which the resultants of 
the aerodynamic forces are applied) upstream and others 
downstream of the variable pitch rotation axis x, so that the 
torques, which are generated because of the aerodynamic 
forces, balance each other, thus allowing the use of a low 
power input to activate the variable pitch* The airfoils on 
the hub and at the end are positioned so that the axis x 
coincides with the centre line of the chord; while the other 
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airfoils are positioned so that, under all circiamstances, the 
resulting torque change within a minimum value range; 
therefore the line that joins the Cp of all the blade 
airfoils, has the typical sinusoidal path shown in the side 
view of the blade of Figure 8a. 

The bottom of the blade is circular and it is housed in the 
circular cavities 7 obtained in the rotor parts 6c and 6d; in 
this way the formation of the Von Karman vortices, which 
would reduce the efficiency, is avoided, see Figure 12. 
We have discussed the twist technique of the stator blades 1 
with the help of the field diagram; then, we will show, as an 
example, how to determine the twist of the blades 8. 
Known the values of the stator defection %, obtained under 
the conditions of the advancement ratio yps, we have first of 
all to decide the value of the design advancement ratio of 
the rotor twist (ypr) . From Figure 7, it is clear that, in 
order to obtain positive incidence angles in all the 
sections, Ypr must be lower than yps; the optimal value will 
depend from the outer diameter of the blades and from the 
advancement speed V that we intend to reach. 

The twist condition is that, once defined the stator 
deflection angles and the value of ypr/ the twist angles 0, 
in all the sections of the blade 8, coincide with the angles 
P; in this situation, as it is shown by the speed triangles. 
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adjacent to the sections A-A, B~B, e C-C of Figure 8a 
(extrapolated from the field diagram of Figure 8b) / the 
airfoil chords are parallel to the relative speed vectors. 
The function of the stators dovmstream of the rotor is to 
eliminate the swirl of the fluid flow rate processed by the 
rotor in order to increase the pressure and therefore the 
thrust. 

The movable twisted part, in the stator blade row downstream 
of the rotor, is necessary to reduce to a minimum the 
pressure losses and the structure stresses; in fact the speed 
range 8 out from the rotor is not constant during time but it 
changes both in amplitude and in orientation, with respect to 
the reference system common to both conditions. 
This means that, by dimensioning the twist of the movable 
part, under proper design conditions, and by controlling the 
position of the surfaces (so that the airfoil chords form 
incidence angle values which are almost zero) , we obtain, on 
said surfaces, reduced energy dissipation and undesired 
aerodynamic forces in comparison with the case where fixed 
surfaces would be used. 

The exploded and assembled view of such device are 
represented in Figures 14 e 15; the side sectional view is 
instead shown in Figure 16. 
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The movable parts of the stators are driven by the electric 
motor 24; the blades 25 have, at their free ends, projecting 
folded levers 26, whose axis x is rigidly connected to the 
rotation centre of the blades 25* The projecting ends of the 
levers 26 are housed in eyelets obtained in the ring gear 28; 
said ring is linked to the outer structure 4 of the engine by 
means of the shoulders 29 and of the pins 30 obtained on the 
outer structure (See Figure 15b) . 

When the motor 24 rotates, by means of a coupling with conic 
gears (28 and 31), also the ring 28 rotates and, by dragging 
the levers 26, causes the blades 25 to rotate. 
The actuation and the control of the movable surfaces is done 
by electric means, because this type of technology allows a 
better working flexibility and a better precision on the 
positioning:, an electronic central unit processes, as input 
data, the advancement speed and the number of revolutions of 
the propeller and, thanks to the software with which the 
central unit is programmed, it drives the two electric motors 
which move the rotor pitch mechanisms and the pitch 
mechanisms of the movable stator part, respectively. 
The positions of the blades 8 and 25 are respectively 
activated through the feedback by the encoders 12 (Figure 
13a) and 32 (Figure 16) which send to the central processing 
unit a comparison electric signal which is proportional to 
the instantaneous position. 
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The rotor is set in rotation by a conic couple of gears, 
contained in the gear oil sump 33, by means of a power shaft 
34 contained inside the stator blades dovmstream of the rotor 
(see Figure 17) . The rotor is linked to the gear oil svmp 33 
and to the propeller cuff 3 by means of ball or roller 
angular bearings mounted with a ^^O'' disposition. 
The control of the propeller pitch is different from that of 
the movable part of. the stator because there is the 
possibility to position, through a control in the cockpit, 
the blade at an offset angle with respect to the position 
controlled by the central unit, this control allows the pilot 
to manage directly the performances of the propulsion system. 
This control procedure is valid within the stall limits. 
We conclude the theory description of the innovations 
introduced in the Engine according to the invention, by 
showing the diagrams of the efficiency represented in Figures 
18, 19, 20 e 21 which refer to a fixed pitch Fan, to a 
variable pitch Fan, to a variable pitch Fan according to the 
invention with constant deflection stator blades and to a 
variable pitch Fan according to the invention with twisted 
stator blades, respectively. 

The diagrams clearly summarize the advantages that the 
proposed and explained innovations make happen in the Engine 
according to the invention with respect to the current art of 
the Fan available on the market. 
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Finally, Figures 22 and 23 show the engine according to the 
invention (dimensioned and complete with all the needed 
parts) . 
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Claims 

!• A turbine engine, particularly for aircrafts, of the *type 
comprising a rotor and at least two stages of stator blades 
positioned upstream and downstream said rotor, characterized 
in that the rotor blades (8) are of the variable pitch type 
and have a drop shape. . - 

2. A turbine engine according to claim 1, characterized in 
that the stator blades (1), positioned before the rotor, are 
of the twisted type. 

3. A turbine engine according to claim 1, characterized in 
that the stator blades (2), positioned before the rotor, are 
of the constant deflection type. 

4. A turbine engine according to claim 1, characterized in 
that the stator blades (25), positioned after the rotor, are 
of the twisted type. 

5. A turbine engine according to claim 1, characterized in 
that the variable pitch of the rotor blades (8) is activated 
by an electric motor (10) which controls a screw female 
thread system contained in the rotor; said rotor is formed by 
four parts (6a, 6b, 6c and 6d) which contain, in circular 
housings (7) obtained in the transverse sections with 
polygonal section, the blades (8); in one of the four parts 
(6c), helicoidal cavities (9) are obtained which balance the 
geometry change, from the circular to the polygonal shape, by 
directing the fluid toward the blades. 
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6. A turbine engine according to claim 5, characterized in 
that the motor (10) is directly connected to a planetary 
gearbox (11) and to an encoder (12) and is powered by a slip- 
rings; the reduction gear shaft (11) is linked to a worm 
screw on which a threaded ring nut (14) moves by rotation; 
the bushes (16), connected to the eccentric arms (18) of the 
plate (19) by means of elastic rings (17), are retained in 
the groove (15) obtained in the ring nut (14) . 

7, A turbine engine according to claim 1, characterized in 
that the rotor is set in rotation by a conic couple of gears, 
contained in a gear oil sump (33) , by means of a power shaft 
(34) contained inside the stator blades which are positioned 
downstream of the rotor; said rotor is linked to the gear oil 
sump (33) and to the propeller cuff (3) by means of ball or 
roller angular bearings mounted with a ^^O" disposition. 

8* A turbine engine according to claim 1, characterized in 
that the typical drop shape of the blade plan, contained in 
the rotor (6), is obtained by locating some of the pressure 
centres of the airfoils Cp upstream and other pressure 
centres downstream of the variable pitch rotation axis (x) , 
so that the torques, which are generated because of the 
aerodynamic forces, balance each other, thus allowing the use 
of a low power input to activate the variable pitch; the 
airfoils on the hub and at the end are disposed so as that 
the axis (x) coincides with the centre line of the chord. 
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while the other airfoils are disposed so as that, under all 
circumstances, the resulting torque change within a minimum 
value range, therefore the line that joins the (Cp) of all 
the blade airfoils, has a sinusoidal path (y) . 

9. A turbine engine according to claim 2, characterized in 
that, in the design phase, the stator airfoils iaust deviate 
the advancement speed V so as to generate relative speed 
vector W always equal, in module and in direction, in all the 
sections to the vector We closed at the end of the blade; 
thus in the velocity triangles, of all the rotor blades 
sections, angles (p) are equal in value to the angles at the 
end of the blade, where it has been demonstrated that there 
is the highest efficiency. 

10. A turbine engine according to claim 4, characterized in 
that the stator blades positioned downstream of the rotor are 
formed by a fixed part and by a movable part (25) . 

11. A turbine engine according to claims 4 and 10, 
characterized in that the movable part (25) of the stator 
blades positioned downstream of the rotor are driven by an 
electric motor (24); the blades (25) have, at their free 
ends, projecting folded levers (26), whose axis x is rigidly 
connected to the rotation centre of the blades (25) ; the 
projecting ends of the levers (26) are housed in eyelets (27) 
obtained in the ring gear (28); said ring is linked to the 
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outer structure (4) of the engine by means of the shoulders 
(29) and of the pins (30) obtained on the outer structure; by 
activating the motor (24), by means of the coupling with 
conic gears (28 and 31), also the ring (28) rotates and, by 
dragging the levers (26), causes the blades (25) to rotate. 

12. A turbine engine according to the previous claims, 
characterized in that the actuation and the control of the 
blades 8 and 25 are of the electric type; an electronic 
central unit processes, as input data, the advancement speed 
and the number of revolutions of the propeller and, thanks to 
the software with which the central unit is programmed, it 
drives the two electric motors which move the rotor pitch 
mechanisms and the pitch mechanisms of the movable stator 
part, respectively; the positions of the blades 8 and 25 are 
respectively activated through the feedback by the encoders 
12 and 32 which send to the central processing unit a 
comparison electric signal which is proportional to the 
instantaneous position. 

13. A turbine engine according to the previous claims, 
characterized in that the control of the propeller pitch is 
different from the control of the pitch of the stator movable 
part because there is the possibility to position the blade 
at an offset angle with respect to the position controlled by 
the central unit. 
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